determining new bone formation and resorption in skeletal metastases. The classical theory of new bone formation advanced by von Recklinghausen (1891) postulated as the essential factor a local hyperaemia of the marrow surrounding the tumour embolus resulting in a reactive growth of fibroblasts, osteoid, and finally bone. This view was rejected by Axhausen (1909) and more recently by Milch and Changus (1956) while it receives no positive support from Pietrogrande (1956) . It has been suggested (Assman, 1907; Walther, 1948) that necrotic bone, acting as a foreign body, is the stimulus to new bone formation but this hypothesis receives no support at the present time (Weese, 1956 ) and the statement by Kauffmann (1929) Goetsch (1906) and supported by Axhausen (1909) , Zemgulys (1931) and Willis (1952) finds no great favour at the present time (Milch and Changus, 1956; Pietrogrande, 1956) . The presence and mode of action of chemical stimulants cannot be proved by current histological methods and in the case of prostatic carcinoma the whole concept has unfortunately become linked (Willis, 1953) with the action of acid phosphatase. The presence of increased amounts of this enzyme in the blood in cases of prostatic carcinoma with skeletal metastases was demonstrated by Gutman and Gutman (1938) 35 but it is not clear why an enzyme, capable only of attacking monophosphoric esters, can be expected to produce calcified bone in the absence of preformed osteoid; there is general agreement (Ham, 1950) that the process of bone formation involves the preliminary formation by osteoblasts of an organic matrix and the subsequent deposition within it of bone salt. The direct conversion of mesenchymal marrow cells into functioning osteoblasts was suggested by Axhausen (1909) and supported by Geschickter and Copeland (1949) and Milch and Changus (1956) manner. lResorption restricted to partial destruction of trabeculae with complete destruction of only a few trabeculae was designated " + ", whereas the presence of more extensive areas of complete destruction was designated " + -+ ". In the same way new bone formation restricted to the apposition of bone on existing trabeculae with the formation of only a few new trabeculae was designated " + "; extensive formation of new trabeculae was designated "+ + ". It was of great importance to distinguish between callus formation, the result of pathological fracture, and new bone formation of a reactive nature due to the presence of the tumour. This was accomplished by noting the presence or absence of cartilage formation and appreciable amounts of osteoid; the latter tissue may be easily identified in routine histological material completely decalcified by means of a buffered organic acid (Meyer, 1956 ). It was found that an excess of osteoid was associated with cartilage formation only in fracture callus; cartilage and an excessive amount of osteoid were not present in areas of purely reactive new bone formation. At first sight although somewhat arbitrary, this method of assessment worked well in practice and it was possible to assign without difficulty the changes observed to the different groups enumerated above. It was found that changes involving different bones in the same case were remarkably consistent and that the amounts of resorption and new bone formation never varied, except in a very few instances, by more than" + "in either direction. In cases where two or more bones were examined the more severe degree of observed change was recorded purely as a matter of convention. Strict histological critieria were applied before recording a complete absence of bony reaction so that the total number of such examples will, therefore, be correspondingly small and such a case as that reported by Simpson (1926a) with histological illustrations becomes unacceptable.
RESULTS
The distribution of the present series of cases according to the site of the primary tumour is shown in the first column of Table I while the distribution of the male and female cases is shown in the second and third columns. For the purpose of later discussion the findings in two comparable series of cases investigated by other authors are shown in the last two columns of the table. The detailed histological findings in the larger individual groups of cases composing the present series are set out below but before describing these some of the general histological findings, especially with regard to new bone formation and bone resorption will be mentioned. (Fig. 4) . Nevertheless a direct osteolytic action by fibrous connective tissue cells derived from the stroma of the tumour was observed in many instances; such an effect was frequently produced by squamous-celled carcinomas (Fig. 5 ). Another frequent observation was the presence of masses of proliferating carcinoma cells in immediate contact with bone trabeculae undergoing resorption, and in such instances the direct effect of mechanical pressure appeared to be the operative factor (Fig. 6 ). examples. Extensive new bone formation was present in 38 examples of which 30 were highly differentiated adenocarcinomas (Fig. 9) , whereas the other 8 showed a more undifferentiated trabecular and solid acinar structure.
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Slight degrees of new bone formation or of resorption were present in 10 examples. These included 5 highly differentiated adenocarcinomas, while the remaining 5 showed a more undifferentiated trabecular and solid acinar structure.
There were no cases showing equal amounts of resorption and new bone formation, and a complete absence of bone change was not recorded in a single instance.
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Extensive resorption was present in only 2 examples, both of which were poorly differentiated trabecular and solid acinar carcinomas. Extensive new bone formation and resorption were present in 2 different bones in 2 cases (Fig. 10, 11 ); in each of these there was significant histological variation between the osteoclastic carcinoma and the one causing new bone formation, the latter having a definite adenocarcinomatous structure. In one case the material was insufficient for an accurate assessment of bone changes. Metastasis from carcinoma of the stomach.-The present series includes 21 male examples and 12 female examples. Extensive resorption was present in 8 examples, of which 6 were undifferentiated spheroidal-celled carcinomas, while the other 2 were adenocarcinomas. Slight resorption was present in 7 examples, of which 2 were adenocarcinomas, while one contained numerous "signet ring" cells. Slight new bone formation was present in 3 examples, of which 2 were undifferentiated spheroidal-celled carcinomas containing numerous "signet ring" cells.
Extensive new bone formation was present in 9 examples, all of which were undifferentiated spheroidal-celled carcinomas, but numerous "signet ring" cells were present in 4 of them (Fig. 12 ). Equal amounts of resorption and new bone formation occurred in 5 examples, mostly undifferentiated spheroidal-celled carcinomas.
In one case an undifferentiated spheroidal-celled carcinoma with numerous "signet ring" cells produced extensive new bone formation in one bone; in another bone extensive new bone formation and resorption were associated. A complete absence of bone changes was not recorded in a single instance. Metastasis from other sites.-The remaining groups are individually too small to allow definite conclusions to be drawn from a detailed histological analysis although further reference will be made to some of them in the following discussion.
DISCUSSION
In a search of the literature two other large and comparable necropsy series were found, firstly, that described by Walther (1948) reporting on material from the Pathological Institute, Zurich, and secondly, that described by Abrams et al. (1950) reporting on material from the Montefiore Hospital. The findings of these authors will be compared with those obtained in the present series and the groups of cases will be considered in the same order as they have been presented above, starting with the pulmonary group. Although Adler (1912) found 57 examples of skeletal metastasis in a series of 374 cases of primary bronchial carcinoma and Luck (1950) gave a corresponding figure of 25 per cent the importance of bronchial carcinoma as a source of skeletal metastases is not generally appreciated. Many standard text-books do not stress this point while some authors (Geschickter and Copeland, 1949) give very low figures. The high figure of 38.8 per cent is the outstanding feature of the present survey and may be taken as representative for the County of London during the last decade. It reflects of course the high and increasing incidence of bronchial carcinoma in the population as a whole (Doll and Hill, 1950; Himsworth, 1957) and accounts for the overall preponderance of male cases in the present series. The low figures recorded in Walther's series (21-0 per cent) and in the Montefiore series (19-1 per cent) are remarkable; the latter figure may be explained by the fact that the Montefiore Hospital is reserved primarily for the chronic sick but the former figure remains unexplained. Histological analysis of the present series shows that undifferentiated, trabecular polygonal-celled bronchial carcinomas are predominantly osteolytic whereas oat-celled carcinomas show usually only slight bone changes or a complete absence of bony reaction. The latter finding may be explained by the general lack of stromal reaction to an oat-celled carcinoma; this fact led to the comparatively late recognition by Barnard (1926) of these neoplasms as epithelial tumours. It is a fact of great importance that the oat-celled variety of bronchial carcinoma may frequently give rise to skeletal metastases showing little or no evidence of bony change.
In the case of mammary carcinoma there is close agreement between the figure in the present series (17.5 per cent) and the corresponding figure (20.7 per cent) in Walther's series, while the high figure (44.8 per cent) in the Montefiore series can be explained by the nature of that particular hospital. Histological analysis of the present series shows that undifferentiated polygonal-celled carcinomas are predominantly osteolytic. Four of the 5 adenocarcinomas producing extensive resorption of bone were in subjects over 70 years of age; in these 4 cases the osteolytic effect of the tumour was probably greatly accentuated by associated senile osteoporosis. It is of great interest that the predominating type of mammary carcinoma producing extensive new bone formation in its skeletal metastases is the adenocarcinoma. The definite association of an osteosclerotic tendency with this type of tumour and of an osteolytic tendency with the undifferentiated variety thus shows that the bony reaction is clearly related to the rate of growth of the tumour. It has already been shown by Scarff and Handley (1938) and Bloom (1950) that the undifferentiated variety of mammary carcinoma carries a worse prognosis, because of its more rapid growth, than does the more highly differentiated adenocarcinoma.
The surprisingly low figure of 16.6 per cent for prostatic carcinoma in the present series is higher than those recorded in Walther's series (11.3 per cent) and in the Montefiore series (5.9 per cent) but no obvious reasons for these discrepancies are apparent. A very high degree of histological differentiation with almost complete absence of cellular pleomorphism and mitotic activity is characteristic of many prostatic carcinomas; these features are most logically interpreted as representing a slow rate of growth and their correlation with a very marked osteosclerotic tendency is again a prominent feature in the present series. The two examples in which a significant variation in histological structure was associated with opposite bony reactions are of particular interest in this connection.
In the case of gastric carcinoma there is close agreement between the figure in the present series (10.3 per cent) and the corresponding figure (9-2 per cent) in Walther's series but the low figure (4. (Albrecht, 1905; Symmers, 1917; Geschickter and Copeland, 1949; Willis, 1953 Bell, 1924; Simpson, 1926b; Schaukowski, 1956 ).
In conclusion several points of interest emerge from the present study. Although malignant melanomas were excluded from the present study because of their controversial nature it is of interest that the histological files contain only one example with skeletal metastases during the period under review. This finding presumably again reflects the great rarity of this condition.
No attempt has been made to assess the frequency of pathological fracture in the series as a whole except to distinguish clearly between an osteosclerotic reaction to a tumour and new bone formation in callus resulting from a pathological fracture.
The latter was, nevertheless, frequently observed in many examples of prostatic carcinoma producing extensive new bone formation in their skeletal metastases. This may be explained by consideration of the normal architecture of a bone which is adapted to provide maximum strength with minimum weight. It is clear that destruction of even small numbers of trabeculae with replacement by equal or greater numbers of irregularly arranged trabeculae must result in weakening of the bone and ultimately in pathological fracture.
SUMMARY
A series of 320 necropsies, in which the skeletal system was involved by secondary carcinoma, has been analysed in terms of the primary site of the neoplasm and a large proportion (124 cases) was attributed to primary carcinoma of the bronchus.
Although gastric carcinoma is not generally considered a frequent source of skeletal metastases the present series included 33 examples. The very low figures for renal and thyroid carcinomas are of great interest and reflect the low incidence of these conditions in the general population.
Osteoclastic erosion was the main operative factor in resorption of bone but a direct osteolytic action was frequently exerted by the stromal cells of the tumour. 
